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Abstract  Battery equivalent circuit models (ECMs) are 
widely used in battery management systems (BMSs), 
such as in electric vehicles (EVs). The battery terminal 
voltage-current (VI) dynamics and the ECM 
parameters depend on the operating conditions, such as 
the state of charge (SOC) and temperature. Online 
parameter estimation can improve not only the 
modelling accuracy, but also the performance of model -
based SOC estimation, which plays a key role in BMS. 
This paper presents a continuous-time (CT) domain 
algorithm for online co-estimation of the battery ECM 
parameters and SOC, using the linear integral filter 
(LIF) method. Compared with the conventional discrete 
time domain least square algorithm, the proposed CT 
LIF technique has superior performance at capturing 
the battery slow dynamics, which can further improve 
the SOC estimation accuracy. Experimental data are 
collected using a Li ion battery (LIB), and the results 
are analyzed to verify the efficacy of the proposed 
algorithm. 
Keywords - equivalent circuit model, recursive parameter 
and SOC estimation, linear integral filter. 
1 INTRODUCTION 
Equivalent circuit models (ECMs) have been 
widely used in battery management systems of battery 
energy storage systems due to the ease of 
parametrization and implementation and acceptable 
modelling accuracy. An ECM uses a combination of 
electric components, including resistors and 
capacitors, to represent the battery terminal voltage-
current (VI) behavior. Figure 1 presents a typical 
ECM, where ,v i   are the battery terminal voltage and 
current, respectively. The battery open circuit voltage 
(OCV) depends on the battery state of charge (SOC). 
The 0R  stands for the battery series resistance, and the 
RC networks are used to capture the dynamics voltage 
relaxation effects.  
One key issue with ECM is that the model 
parameters depend on the operating conditions, for 
instance, the ambient temperature, SOC and state of 
health (SOH). For example, a Li ion battery (LIB) cell 
shows nearly doubled internal resistance as the 
temperature drops from 25 C  to 0 C  [1]. The 
parameter dependency can be described using a look-
up table trained offline. However, this offline battery 
characterization is t ime-consuming. Moreover, the 
tabulated ECM parameters will lose efficacy as the 
battery degrades. Therefore, online recursive 
parameter identification schemes should be used to 
keep track of the evolving ECM parameters to 
improve modelling accuracy.  
SOC estimat ion is another key issue in BMSs [2]. 
Existing SOC estimation algorithms based on onboard 
VI measurements include Ampere hour (Ah) counting 
and OCV-based algorithms [1, 2]. ECM-based state 
observer techniques, such as Kalman filter (KF), 
unscented KF (UKF), H-infinite filter, etc. [3-6], have 
been widely used for real-time battery SOC estimation 
by combining the advantages of the Ah and OCV-
based methods. The SOC estimation performance 
depends on the model accuracy, and therefore online 
estimation of the ECM parameters can improve not 
only the modelling accuracy, but also the SOC 
estimation performance [7].  
Various of recursive identification algorithms have 
been proposed for online ECM parameter estimation, 
such as the recursive least square (RLS) schemes [1, 
8] and the state-observer based algorithms including 
KF, UKF [3, 4], H-infinite filter [9], etc. For example, 
Plett suggested joint/dual extended KF and UKF for 
co-estimat ion of the ECM parameters, SOC and SOH 
[3, 4]. Chen et al [5] proposed using dual H-infin ite 
filters for simu ltaneous estimation of model 
parameters and SOC. A combination of the RLS 
algorithm for recursive parameter identification and 
the KF algorithm for SOC estimation has been 
reported in [10]. These algorithms are generally 
derived and implemented in discrete-time (DT) 
domain. However, for the battery system consisting of 
both fast and slow dynamics (e.g., the charge transfer 
as the fast dynamics and diffusion as the slow 
dynamics), the time constants of the RC branches in 
Figure 1 will be widely separated. This poses severe 
numerical problems to the DT domain identification 
methods like RLS. Another problem shows in the case 
of fast sampling because the model poles  will lie close 
to the unit circle in the complex domain, so that the 
model parameters are more poorly defined in 
statistical terms [11]. These problems can be 
addressed using continuous time (CT) domain 
identification algorithms. The advantages of CT 
domain identification algorithms compared to the DT 
methods include (i) that the model parameters are 
independent of the sampling time and, (ii) that the CT 
methods can deal with widely separated system poles. 
Xia et al [12] compared the CT and DT algorithms, 
for ECM parameter optimization, and concluded that 
the CT method has superior performance for 
identifying a stiff system like the battery, especially in  
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